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‰ª‡¢â“‡§√◊ËÕß«‘‡§√“–Àå‰¥â‡≈¬ πÈ”Àπ—°μ—«Õ¬à“ß·ªÑß¢â“«∑’Ë‡À¡“– ¡„π°“√«‘‡§√“–Àå §◊Õ 200 ¡‘≈≈‘°√—¡ °√“ø
¡“μ√∞“π√–À«à“ß§à“°“√¥Ÿ¥°≈◊π· ß¢Õßª√Õ∑„π√Ÿªæ◊Èπ∑’Ëæ’§·≈–πÈ”Àπ—°¢Õß “√¡“μ√∞“πª√Õ∑„π™à«ß
0.1-10 ng ¡’§«“¡ —¡æ—π∏å‡ªìπ‡ âπμ√ß¥—ß ¡°“√ y = 0.6838x + 0.0151 ¡’§à“ —¡ª√– ‘∑∏‘Ï°“√μ—¥ ‘π„® (R2)
‡∑à“°—∫ 0.9998 §«“¡‡∑’Ë¬ß¢Õß°“√«‘‡§√“–Àå· ¥ß„π‡∑Õ¡ Repeatability ¡’§à“ 8.7%RSD ∑’Ëª√‘¡“≥ª√Õ∑
0.96 μg kg-1 §à“√âÕ¬≈–°“√‰¥â°≈—∫§◊πÕ¬Ÿà√–À«à“ß 83-114% §à“¢’¥®Ì“°—¥°“√μ√«®«—¥ (LOD) ‡∑à“°—∫
0.1 μg kg-1 (3S/N) ª√‘¡“≥ª√Õ∑∑’Ëμ√«®æ∫„πμ—«Õ¬à“ß¢â“«‡®â“®”π«π 56 μ—«Õ¬à“ß∑’Ëª≈Ÿ°„πª√–‡∑»‰∑¬„π
™à«ßªï æ.». 2558-2559 ¡’§à“πâÕ¬°«à“ 10 μg kg-1 ´÷ËßÕ¬Ÿà„π‡°≥±å¡“μ√∞“π∑’ËÕπÿ≠“μ„Àâ¡’ª√‘¡“≥ª√Õ∑‰¥â
‰¡à‡°‘π 20 μg kg-1 „πÕ“À“√∑—Ë«‰ªμ“¡ª√–°“»°√–∑√«ß “∏“√≥ ÿ¢ ©∫—∫∑’Ë 98 (æ.». 2529)
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ABSTRACT
Direct thermal decomposition mercury analysis is an efficient technique for determination
of mercury in rice samples. The grinded rice samples were directly weighed and transferred into
mercury analyzer. The optimum weight of rice samples was 200 mg. The calibration curve was
plotted between absorbance in peak area and nanogram of mercury standard between 0.1-10 ng.
It was linearly followed equation y = 0.6838x + 0.0151 with the coefficient of determination
(R2) of 0.9998. Precision was reported in term of repeatability as 8.7%RSD at 0.96 μg kg-1
mercury. The recovery was between 83-114%. The limit of detection was 0.1 μg kg-1 (3S/N).
The determined amount of mercury in 56 rice samples grown in Thailand during 2015-2016 was
less than 10 μg kg-1, which was under the standard permitted in general food under the notification
of the Ministry of Public Health No. 98 (1986).
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∫∑π”
 ◊∫‡π◊ËÕß®“°°“√∑’Ëª√–‡∑»‰∑¬‰¥â‡¢â“√à«¡¿“§’Õπÿ —≠≠“¡‘π“¡“μ–«à“¥â«¬ª√Õ∑ (Minamata
Convention on Mercury) ‡ªìπÕ—π¥—∫∑’Ë 66 ¢Õß‚≈° ‡¡◊ËÕ‡¥◊Õπ¡‘∂ÿπ“¬π æ.». 2560  “√– ”§—≠¢Õß
Õπÿ —≠≠“¡‘π“¡“μ–π’È‡°’Ë¬«°—∫°‘®°√√¡∑ÿ°Õ¬à“ß¢Õß¡πÿ…¬å∑’Ë¢âÕß‡°’Ë¬«°—∫ª√Õ∑ ‡™àπ °“√ —ËßÀâ“¡∑”‡À¡◊Õß·√à









‡∑§π‘§°“√‡μ√’¬¡μ—«Õ¬à“ß·∫∫μà“ßÊ  ”À√—∫«‘‡§√“–Àåª√Õ∑„πÕ“À“√ [1] ·μàªí®®ÿ∫—π¡’‡∑§π‘§°“√«‘‡§√“–Àå
ª√Õ∑∑’Ë‰¡àμâÕß¡’°“√‡μ√’¬¡μ—«Õ¬à“ß ‡ªìπ°“√«‘‡§√“–Àåª√Õ∑‚¥¬μ√ß¥â«¬°“√ ≈“¬μ—«¥â«¬§«“¡√âÕπÀ√◊ÕÕ“®
‡√’¬°«à“¥â«¬°“√‡º“‰À¡â ´÷Ëß‡ªìπ«‘∏’¡“μ√∞“πÕâ“ßÕ‘ßμ“¡ US-EPA 7473 [2] ÷´Ëß„™âÀ≈—°°“√‡º“‰À¡â “√
μ—«Õ¬à“ß¥â«¬§«“¡√âÕπ „Àâª√Õ∑°≈“¬‡ªìπ‰Õ ·≈–„™â°“√·¬°‰Õª√Õ∑ÕÕ°¡“®“°‰Õ¢Õß “√Õ◊ËπÊ „π
μ—«Õ¬à“ß‚¥¬°“√„Àâª√Õ∑‡°‘¥Õ–¡—≈°—¡°—∫∑Õß ·≈â«®÷ßª≈àÕ¬‰Õª√Õ∑ÕÕ°¡“ ‡æ◊ËÕμ√«®«—¥°“√¥Ÿ¥°≈◊π· ß
¢Õßª√Õ∑ °“√«‘‡§√“–Àå„™â‡«≈“ª√–¡“≥ 5 π“∑’μàÕμ—«Õ¬à“ß ®÷ßπ—∫‡ªìπ«‘∏’«‘‡§√“–Àå∑’Ë –¥«° √«¥‡√Á« πà“
 π„®‡ªìπÕ¬à“ß¡“° ß“π«‘®—¬π’È®÷ß‰¥âπ”‡∑§π‘§°“√«‘‡§√“–Àåª√Õ∑‚¥¬μ√ß¥â«¬°“√ ≈“¬μ—«¥â«¬§«“¡√âÕπ¡“
«‘‡§√“–Àåª√Õ∑„π¢â“«‡®â“ ‡π◊ËÕß®“°§”π÷ß∂÷ßÕ—πμ√“¬®“°ª√Õ∑∑’Ë “¡“√∂‡¢â“ Ÿà√à“ß°“¬‰¥â®“°Õ“À“√∑’Ë√—∫







´Õæ™—Ëπ ‡ª°‚μ√‚ø‚μ‡¡∑√’ [3] ‚§≈‡«‡ªÕ√åÕ–μÕ¡¡‘°ø≈ŸÕÕ‡√ ‡´π ‡ª°‚μ√‡¡∑√’ [4-5] Õ‘π¥—°∑’ø≈’
§—ª‡ªî≈æ≈“ ¡“·¡  ‡ª°‚μ√‚ø‚μ‡¡∑√’ [6] ‚§√¡“‚∑°√“øï¢Õß‡À≈« ¡√√∂π– Ÿß∑’Ë¡’μ—«μ√«®«—¥‡ªìπÕ‘π
¥—°∑’ø≈’§—ª‡ªî≈æ≈“ ¡“·¡  ‡ª°‚μ√‚ø‚μ‡¡∑√’ [7] ·≈–·°ä ‚§√¡“‚∑°√“øï∑’Ë¡’μ—«μ√«®«—¥‡ªìπÕ–μÕ¡¡‘°
ø≈ŸÕÕ‡√ ‡´π ‡ª°‚μ√¡‘‡μÕ√å [8] ‡ªìπμâπ ·μà‡∑§π‘§‡À≈à“π’È®–μâÕß∑”°“√‡μ√’¬¡μ—«Õ¬à“ß„ÀâÕ¬Ÿà„π√Ÿª¢Õß
 “√≈–≈“¬ ÷´Ëß¡’¢—ÈπμÕπ´—∫´âÕπ „™â‡«≈“π“π ·≈–¬—ß°àÕ„Àâ‡°‘¥¢Õß‡ ’¬®“°°“√‡μ√’¬¡μ—«Õ¬à“ß ´÷ËßÕ“® àßº≈
μàÕ ‘Ëß·«¥≈âÕ¡¥—ß‰¥â°≈à“«¡“·≈â«¢â“ßμâπ
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Õÿª°√≥å·≈–«‘∏’∑¥≈Õß
1. Õÿª°√≥å·≈– “√‡§¡’
‡§√◊ËÕß«‘‡§√“–Àåª√Õ∑ Direct Thermal Decomposition Mercury Analyzer (MERCURY
ANALYZER 3000; MA-3000 ∫√‘…—∑ Nippon Instruments Corporation; NIC ª√–‡∑»≠’ËªÿÉπ) ‡§√◊ËÕß
™—Ëß∑»π‘¬¡ 5 μ”·Àπàß (Analytical balance √ÿàπ MS105DU ∫√‘…—∑ METTLER TOLEDO ª√–‡∑»
 «‘μ‡´Õ√å·≈π¥å) ‡μ“‡º“Õÿ≥À¿Ÿ¡‘ Ÿß ((Muffle Furnace √ÿàπ ELF ∫√‘…—∑ Carbolite Gero Limited ª√–‡∑»
Õ—ß°ƒ…) ‡§√◊ËÕß∑”·Àâß ≥ ®ÿ¥‡¬◊Õ°·¢Áß (Freeze Dryer √ÿàπ SCANVAC COOLSAFE 55-4 System
∫√‘…—∑ Labo Gene ª√–‡∑»‡¥π¡“√å°) ‰¡‚§√ªî‡ªμ ¢π“¥ 0.5-10 ·≈– 10-100 μL (√ÿàπ Research®
plus ∫√‘…—∑ Eppendorf ª√–‡∑»‡¬Õ√¡π’) ‚°√àß∫¥ “√∑”®“°‡´√“¡‘°
 “√≈–≈“¬¡“μ√∞“πª√Õ∑ 1000 mg L-1 (HgCl2 in 0.1 mol L
-1 HNO3) ¢Õß∫√‘…—∑ KANTO
ª√–‡∑»≠’ËªÿÉπ ·Õ≈- ‘´ ‡μÕ’π (L-cysteine: HSCH2CH(NH2)COOH, 121.16 g mol
-1) ¢Õß∫√‘…—∑ Nacalai
ª√–‡∑»≠’ËªÿÉπ °√¥‰πμ√‘° 16 mol L-1 (Nitric acid: HNO3) ‡°√¥∫√‘ ÿ∑∏‘Ï Ÿß ¢Õß∫√‘…—∑ KANTO ª√–‡∑»
≠’ËªÿÉπ
2. μ—«Õ¬à“ß¢â“«‡®â“
μ—«Õ¬à“ß¢â“«‡®â“∑—ÈßÀ¡¥¡’ 56 μ—«Õ¬à“ß ®“°®—ßÀ«—¥μà“ßÊ ∑’Ëª≈Ÿ°„πª√–‡∑»‰∑¬™à«ß ªï æ.». 2558-
2559 ‚¥¬μ—«Õ¬à“ß¢â“«À¡“¬‡≈¢ 1-9 ‡ªìπ¢â“«∑’Ëª≈Ÿ°„π¡À“«‘∑¬“≈—¬√“™¿—ØÕÿ¥√∏“π’ «‘∑¬“‡¢μ “¡æ√â“«
Õ”‡¿Õ‡¡◊Õß ®—ßÀ«—¥Õÿ¥√∏“π’ À¡“¬‡≈¢ 10-20 ‡ªìπ¢â“«∑’Ëª≈Ÿ°„π¡À“«‘∑¬“≈—¬‡°…μ√»“ μ√å «‘∑¬“‡¢μ
°”·æß· π ®—ßÀ«—¥π§√ª∞¡ À¡“¬‡≈¢ 21-23 ‡ªìπ¢â“«®“°»Ÿπ¬å«‘®—¬¢â“« ÿæ√√≥∫ÿ√’ μ”∫≈√—È«„À≠à Õ”‡¿Õ




¿“™π– ”À√—∫„ àμ—«Õ¬à“ß∑”¥â«¬‡´√“¡‘°¡’√Ÿª∑√ß ’Ë‡À≈’Ë¬¡º◊πºâ“≈÷°ª√–¡“≥ 1 ‡´πμ‘‡¡μ√ ¡’
≈—°…≥–§≈â“¬‡√◊Õ (‚∫ä∑) «“ßÕ¬Ÿà∫π∂“¥ ‚¥¬Àπ÷Ëß∂“¥ “¡“√∂«“ß‚∫ä∑‰¥â 10 Õ—π ·≈– “¡“√∂π”∂“¥‡¢â“
‡§√◊ËÕß®—¥°“√μ—«Õ¬à“ß àßμ√«®Õ—μ‚π¡—μ‘ (Autosampler) ‰¥â¡“°∑’Ë ÿ¥ 10 ∂“¥ ‡¡◊ËÕπ”‚∫ä∑‡ª≈à“‡¢â“‡§√◊ËÕß
·≈â«®–∑”°“√μ—Èß‚ª√·°√¡ ”À√—∫∑”§«“¡ –Õ“¥‚∫ä∑ ‚¥¬Õÿ≥À¿Ÿ¡‘¢Õß‚ª√·°√¡∑”§«“¡ –Õ“¥‚∫ä∑®–Õ¬Ÿà∑’Ë
850°C ‡ªìπ‡«≈“ 4 π“∑’μàÕ‚∫ä∑ ‚¥¬ “¡“√∂μ—Èß§à“‡§√◊ËÕß„Àâ∑”ß“π¢â“¡§◊π‰¥âÀ“°μâÕß°“√ª√–À¬—¥‡«≈“‡æ◊ËÕ
„Àâ “¡“√∂«‘‡§√“–Àåμ—«Õ¬à“ß„π™à«ß‡«≈“°≈“ß«—π‰¥â¡“°¢÷Èπ À√◊ÕÕ’°«‘∏’Àπ÷Ëß„π°“√∑”§«“¡ –Õ“¥‚∫ä∑Õ¬à“ß
√«¥‡√Á« §◊Õπ”‚∫ä∑‡¢â“‡μ“‡º“Õÿ≥À¿Ÿ¡‘ Ÿß ∑’Ë 850°C ‡ªìπ‡«≈“ 2 ™—Ë«‚¡ß ‡¡◊ËÕ«‘‡§√“–Àåμ—«Õ¬à“ß‡ √Á®·μà≈–§√—Èß
„Àâ„™â·ª√ß¢ππÿà¡ªí¥‡»…‡¢¡à“∑’Ëμ‘¥¡“°—∫‚∫ä∑ À“°‚∫ä∑¡’§√“∫∑’Ë‡°‘¥®“°μ—«Õ¬à“ß “¡“√∂·™à„ππÈ”º ¡πÈ”¬“
≈â“ß‡§√◊ËÕß·°â«„π‡§√◊ËÕßÕ—≈μ√â“‚´π‘§‡ªìπ‡«≈“ 10 π“∑’
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3.2 °“√ √â“ß°√“ø¡“μ√∞“π
‡μ√’¬¡ “√≈–≈“¬¡“μ√∞“πª√Õ∑ 0.1 mg L-1 ®“° “√≈–≈“¬¡“μ√∞“πª√Õ∑ 1000 mg L-1
ª√—∫ª√‘¡“μ√¥â«¬ “√≈–≈“¬ L-cysteine 100 mg L-1 (‡μ√’¬¡„π°√¥‰πμ√‘° 0.2%) ªî‡ªμ “√≈–≈“¬
¡“μ√∞“πª√Õ∑ 0.1 mg L-1 π’È≈ß„π‚∫ä∑∑’Ëª√‘¡“μ√ 1, 5, 10, 20, 40, 60, 80 ·≈– 100 μL ®–‰¥âª√Õ∑
Àπ—° 0.1, 0.5, 1, 2, 4, 6, 8 ·≈– 10 ng μ“¡≈”¥—∫ ·≈–π”‰ª‡¢â“ Autosampler ¢Õß‡§√◊ËÕß MA-3000
‡æ◊ËÕ«‘‡§√“–Àå§à“°“√¥Ÿ¥°≈◊π· ß¢Õßª√Õ∑„πÀπà«¬æ◊Èπ∑’Ëæ’§ (peak area)
3.3 °“√μ√«®«—¥μ—«Õ¬à“ß
™—Ëßμ—«Õ¬à“ß¢â“«∑’Ë∫¥·≈â«¥â«¬‚°√àß∫¥ “√„Àâ‰¥âª√–¡“≥ 200 mg „Àâ√ŸâπÈ”Àπ—°·πàπÕπ∂÷ß∑»π‘¬¡
5 μ”·Àπàß ≈ß„π‚∫ä∑∑’Ë∑”§«“¡ –Õ“¥·≈â« ™—Ëßμ—«Õ¬à“ß≈– 3 ‚∫ä∑ π”‡¢â“‡§√◊ËÕß Autosampler ¢Õß‡§√◊ËÕß
MA-3000 ‡æ◊ËÕ«‘‡§√“–Àåª√‘¡“≥ª√Õ∑‚¥¬μ—«Õ¬à“ß¢â“«„π‚∫ä∑®–∂Ÿ°‡º“‰À¡â∑’Ë 180°C „π∑àÕ°≈«ß∑”¥â«¬
§«Õ∑´å„π∫√√¬“°“»¢Õß·°ä ÕÕ°´‘‡®π∑’Ë‡ªìπ·°ä æ“¥â«¬Õ—μ√“°“√‰À≈ 0.4 L min-1  “√ª√–°Õ∫ª√Õ∑®–
°≈“¬‡ªìπ‰Õæ√âÕ¡°—∫ “√ª√–°Õ∫‰Œ‚¥√§“√å∫Õπ„π¢â“«∑’Ë ≈“¬μ—«°≈“¬‡ªìπ·°ä   “√ª√–°Õ∫ª√Õ∑®–∂Ÿ°
√’¥‘«´å¥â«¬μ—«‡√àßªØ‘°‘√‘¬“„Àâ·μ°μ—«°≈“¬‡ªìπ‰Õ¢Õßª√Õ∑Õ‘ √–∑’Ë 850°C ®“°π—Èπ‰Õª√Õ∑®–∂Ÿ°¥Ÿ¥´—∫‚¥¬
‡°‘¥Õ–¡—≈°—¡∑’Ëμ—«¥Ÿ¥´—∫∑’Ë¡’∑Õß‡ªìπÕß§åª√–°Õ∫ (Gold amalgamator)  à«π·°ä Õ◊ËπÊ ®–∂Ÿ°·°ä 
ÕÕ° ‘´‡®πæ“‰ª∑’Ëμ—«°√Õß¥—°®—∫¢Õß‡ ’¬ ‡¡◊ËÕ„Àâ§«“¡√âÕπ°—∫μ—«¥Ÿ¥´—∫ ‰Õª√Õ∑®–∂Ÿ°ª≈àÕ¬ÕÕ°¡“·≈–∂Ÿ°










ª√‘¡“μ√¢Õß‚∫ä∑ ß“π«‘®—¬π’È®÷ß‰¥â»÷°…“°“√≈¥πÈ”Àπ—°¢Õßμ—«Õ¬à“ß¢â“«≈ß ‚¥¬‡≈◊Õ°μ—«Õ¬à“ß¢â“«¡“ 2 ™π‘¥
π”‰ª™—Ëß‚¥¬‰¡àμâÕß∫¥ ‚¥¬™—Ëß®”π«π 2 ™ÿ¥ ™ÿ¥∑’Ë 1 ™—Ëß¢â“«‡μÁ¡‚∫ä∑®–‰¥âπÈ”Àπ—°Õ¬Ÿà∑’Ëª√–¡“≥ 400 mg ·≈–
™ÿ¥∑’Ë 2 ™—Ëß¢â“«§√÷Ëß‚∫ä∑ πÈ”Àπ—°®–Õ¬Ÿà∑’Ëª√–¡“≥ 200 mg ™—Ëß™ÿ¥≈– 3 È´”μàÕ™π‘¥¢Õß¢â“« ®÷ß‰¥âμ—«Õ¬à“ß∑’Ë
®–«‘‡§√“–Àå∑—ÈßÀ¡¥√«¡ 12 ‚∫ä∑ π”‡¢â“‡§√◊ËÕß MA-3000 π”æ◊Èπ∑’Ëæ’§∑’Ëμ√«®«—¥‰¥â‰ª§”π«≥πÈ”Àπ—°ª√Õ∑
®“°°√“ø¡“μ√∞“π‰¥âº≈¥—ß„πμ“√“ß∑’Ë 1 ´÷Ëß‡¡◊ËÕπ”¢âÕ¡Ÿ≈‰ª«‘‡§√“–Àå¥â«¬«‘∏’∑“ß ∂‘μ‘ Two way ANOVA
with replication æ∫«à“‰¥â§à“ p-value 0.10 ∑’Ë§«“¡‡™◊ËÕ¡—Ëπ 95% · ¥ß«à“ ª√‘¡“≥ª√Õ∑∑’Ë‰¥â®“°°“√
«‘‡§√“–Àå‚¥¬°“√„™âπÈ”Àπ—°¢â“«‡μÁ¡‚∫ä∑·≈–§√÷Ëß‚∫ä∑ ‰¡à·μ°μà“ß°—πÕ¬à“ß¡’π—¬ ”§—≠ ¥—ßπ—Èπ„π°“√«‘‡§√“–Àå
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μ“√“ß∑’Ë 1  ª√‘¡“≥ª√Õ∑∑’Ë«‘‡§√“–Àå‚¥¬„™âπÈ”Àπ—°μ—«Õ¬à“ß¢â“«μà“ß°—π
μ—«Õ¬à“ß ª√‘¡“≥ª√Õ∑ ‡μÁ¡‚∫ä∑ (μg kg-1) ª√‘¡“≥ª√Õ∑ §√÷Ëß‚∫ä∑ (μg kg-1)
∑’Ë §√—Èß∑’Ë 1 §√—Èß∑’Ë 2 §√—Èß∑’Ë 3 §√—Èß∑’Ë 1 §√—Èß∑’Ë 2 §√—Èß∑’Ë 3
1 7.53 7.54 6.96 7.24 7.20 7.98





μ—«Õ¬à“ß°àÕπ«‘‡§√“–Àå‡æ◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫·∫∫‰¡à∫¥ ‚¥¬π”μ—«Õ¬à“ß¢â“«¡“ 7 ™π‘¥ ™ÿ¥∑’Ë 1 π”‰ª∫¥¥â«¬
‚°√àß∫¥ “√°àÕπ™—Ëß ·≈–™ÿ¥∑’Ë 2 ™—Ëß∑—Èß‡¡Á¥¢â“«‚¥¬‰¡à¡’°“√∫¥ ™—Ëß™ÿ¥≈– 3 ´È”μàÕ™π‘¥¢Õß¢â“« ®÷ß‰¥âμ—«Õ¬à“ß
∑’Ë®–«‘‡§√“–Àå∑—ÈßÀ¡¥√«¡ 42 ‚∫ä∑ π”‡¢â“‡§√◊ËÕß MA-3000 ‡æ◊ËÕ«‘‡§√“–Àåª√Õ∑ π”æ◊Èπæ’Ëæ’§∑’Ëμ√«®«—¥‰¥â‰ª
§”π«≥πÈ”Àπ—°ª√Õ∑®“°°√“ø¡“μ√∞“π‰¥âº≈¥—ß°√“ø„π√Ÿª∑’Ë 1
 √Ÿª∑’Ë 1 ª√‘¡“≥ª√Õ∑∑’Ëæ∫„πμ—«Õ¬à“ß¢â“«∑’Ë∫¥·≈–‰¡à∫¥ (n=3)
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√Ÿª∑’Ë 2 ª√‘¡“≥ª√Õ∑„πμ—«Õ¬à“ß¢â“«∑’Ë¡’·≈–‰¡à¡’§«“¡™◊Èπ (n=3)
®“°°√“ø®–æ∫«à“ §à“ª√Õ∑∑’Ëμ√«®æ∫„π¢â“«∑’Ë¡’°“√∫¥°àÕπ™—Ëß‰ª«‘‡§√“–Àå ®–¡’§à“§«“¡‡∑’Ë¬ß∑’Ë
¥’°«à“·∫∫‰¡à∫¥ ‚¥¬¥Ÿ‰¥â®“°§à“§«“¡§≈“¥‡§≈◊ËÕπ∑’Ëª≈“¬·∑àß°√“ø (± SD) ·∫∫‰¡à∫¥®–¡’§«“¡§≈“¥
‡§≈◊ËÕπ Ÿß¡“° ‚¥¬‡¡◊ËÕ§”π«≥ÕÕ°¡“‡ªìπ§à“§«“¡§≈“¥‡§≈◊ËÕπ —¡æ—∑∏å (%RSD) ®–‰¥âÕ¬Ÿà√–À«à“ß 5-30%





√«¡‡Õ“πÈ”Àπ—°¢ÕßπÈ”∑’Ë∑”„Àâ‡°‘¥§«“¡™◊Èπ‰ª¥â«¬ ´ ÷Ëß®“°ß“π«‘®—¬∑’Ëºà“π¡“¡’√“¬ß“π«à“¢â“«¡’§«“¡™◊Èπ‡©≈’Ë¬ 12%
[9] ¥—ßπ—ÈππÈ”Àπ—°μ—«Õ¬à“ß∑’Ë™—Ëß‰¥â®÷ß¡“°°«à“§«“¡‡ªìπ®√‘ß∂â“‰¡à¡’°“√¥Ÿ¥§«“¡™◊Èπ¢Õß¢â“«μ—«Õ¬à“ß°àÕπ«‘‡§√“–Àå
ß“π«‘®—¬π’È®÷ß‰¥â»÷°…“º≈¢Õß§«“¡™◊Èπ‚¥¬‡≈◊Õ°μ—«Õ¬à“ß¢â“«¡“ 5 ™π‘¥ ™π‘¥≈– 1 °√—¡π”‰ª∫¥„Àâ‡ªìπ‡π◊ÈÕ‡¥’¬«°—π
·≈â«·∫àß™ÿ¥∑’Ë 1 π”‰ª‡¢â“‡§√◊ËÕß Freeze Dryer ∑‘Èß‰«â 1 §◊π°àÕπ™—Ëß ™ÿ¥∑’Ë 2 ™—Ëß∑—π∑’ π”‡¢â“‡§√◊ËÕß Autosampler




‚¥¬§«“¡§≈“¥‡§≈◊ËÕπ Ÿß ÿ¥∑’Ëæ∫§◊Õ 12% ‡ªìπ¢â“«μ—«Õ¬à“ßÀ¡“¬‡≈¢ 41 ∑’Ë¡’ª√Õ∑ 5.25 ± 0.41 μg kg-1
·μà‡π◊ËÕß¥â«¬ª√‘¡“≥ª√Õ∑∑’Ëμ√«®æ∫„πμ—«Õ¬à“ß¢â“«∑—ÈßÀ¡¥¡’§à“μË”°«à“‡°≥±å¡“μ√∞“πÕ“À“√∑’Ë¡’ “√ªπ‡ªóôÕπ
μ“¡ª√–°“»°√–∑√«ß “∏“√≥ ÿ¢ ©∫—∫∑’Ë 98 (æ.». 2529) ∑’ËÕπÿ≠“μ„Àâ¡’ª√‘¡“≥ª√Õ∑‰¥â‰¡à‡°‘π 0.02 mg kg-1
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°√“ø¡“μ√∞“π (calibration curve) √âÕ¬≈–°“√‰¥â°≈—∫§◊π (%recovery) §«“¡‡∑’Ë¬ß (precision) ·≈–¢’¥
®Ì“°—¥°“√μ√«®«—¥ (limit of detection; LOD) ÷´Ëß„Àâº≈‡ªìπ∑’Ëπà“æÕ„®¥—ß√“¬≈–‡Õ’¬¥μàÕ‰ªπ’È
4.1 °√“ø¡“μ√∞“π
‡∑§π‘§π’È„™â§à“πÈ”Àπ—°¢Õßª√Õ∑‡ªìπ·°π x ¢Õß°√“ø¡“μ√∞“π ‡π◊ËÕß®“°≈—°…≥–°“√μ√«®«—¥
 —≠≠“≥°“√¥Ÿ¥°≈◊π· ß‡ªìπ°“√μ√«®«—¥ª√‘¡“≥ “√∑—ÈßÀ¡¥∑’Ë„ à≈ß‰ª„π‚∫ä∑ §à“°“√¥Ÿ¥°≈◊π· ß∑’Ë‰¥â¡’
≈—°…≥–‡ªìπæ’§ °“√μ√«®«—¥ —≠≠“≥‡ªìπ·∫∫™—Ë«¢≥–Àπ÷Ëß (transient signal) ‰¡à„™à —≠≠“≥·∫∫μàÕ‡π◊ËÕß
(continuous signal) ®÷ß “¡“√∂„™â‡π◊ÈÕ “√∑—ÈßÀ¡¥„π “√≈–≈“¬∑’Ë„ à≈ß‰ª §”π«≥ÕÕ°¡“‡ªìππÈ”Àπ—°¢Õß
 “√∑’Ë‰¥â π”‰ª √â“ß°√“ø¡“μ√∞“π ‚¥¬™à«ß§«“¡‡ªìπ‡ âπμ√ß¢Õß‡§√◊ËÕß MA-3000 ¡’√–∫ÿÕ¬Ÿà„π§Ÿà¡◊Õ «à“Õ¬Ÿà
∑’Ë√–À«à“ß 0.001 ng ∂÷ß 2,000 ng ß“π«‘®—¬π’È®÷ß∑”°“√ √â“ß°√“ø¡“μ√∞“π„π™à«ß 0.1-10 ng ‰¥â ¡°“√
‡ âπμ√ß§◊Õ y = 0.6838x + 0.0151 ‚¥¬¡’ —¡ª√– ‘∑∏‘Ï°“√μ—¥ ‘π„® (R2) ‡∑à“°—∫ 0.9998 ¥—ß√Ÿª∑’Ë 3
√Ÿª∑’Ë 3 °√“ø¡“μ√∞“π “√≈–≈“¬ª√Õ∑ (n=1)
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§à“‡¥‘¡‡°‘π 5% ¥—ß‡™àπ„πß“π«‘®—¬π’È‰¥â„™â°“√«—¥ “√≈–≈“¬¡“μ√∞“π∑’Ë 2 ng ∑ÿ°«—π‡æ◊ËÕμ√«® Õ∫°àÕπ«‘‡§√“–Àå
‚¥¬ªî‡ªμ “√≈–≈“¬¡“μ√∞“πª√Õ∑ 0.1 mg L-1 ¡“ 20 μL æ◊Èπ∑’Ëæ’§∑’Ë‰¥â®–μâÕß¡’§à“ª√–¡“≥ 1.3XXX
À√◊ÕÕ“®®–μ√«® Õ∫‚¥¬«—¥ “√¡“μ√∞“π§«“¡‡¢â¡¢âπμË”·≈– Ÿß¢Õß°√“ø¡“μ√∞“π∑’Ë„™â ´÷Ëß°√“ø 2 ®ÿ¥∑’Ë
μ√«® Õ∫∑ÿ°«—π°àÕπ«‘‡§√“–Àåπ’È‡√’¬°«à“ daily calibration μ“¡∑’Ë·π–π”‚¥¬«‘∏’¡“μ√∞“π„π°“√«‘‡§√“–Àåª√Õ∑






μ√«® Õ∫ “√√∫°«π°“√«‘‡§√“–Àå∑’ËÕ“®¡’„πμ—«Õ¬à“ß¢â“« (matrix interference) ∑”‚¥¬‡≈◊Õ°μ—«Õ¬à“ß¡“
5 ™π‘¥∑’Ë¡’ª√Õ∑‡¢â¡¢âπμà“ß°—π®“°πâÕ¬∂÷ß¡“°∑’Ë ÿ¥∑’Ëμ√«®æ∫ ∫¥·≈–™—Ëß™π‘¥≈– 3 ‚∫ä∑ ªî‡ªμ “√¡“μ√∞“π
ª√Õ∑ 0.1 mg L-1 ª√‘¡“μ√μ“¡∑’ËμâÕß°“√≈ß„π‚∫ä∑∑’Ë 2 ·≈– 3 ‡æ◊ËÕ„Àâ‰¥â§«“¡‡¢â¡¢âπ∑’Ë·πàπÕπ∑’ËμâÕß°“√
‡μ‘¡≈ß‰ª¥—ß„πμ“√“ß∑’Ë 2 ®–‰¥âμ—«Õ¬à“ß∑’Ë®–«‘‡§√“–Àå∑—ÈßÀ¡¥√«¡ 15 ‚∫ä∑ π”‡¢â“‡§√◊ËÕß MA-3000 π”
æ◊Èπ∑’Ëæ’§∑’Ë‰¥â‰ª§”π«≥πÈ”Àπ—°ª√Õ∑®“°°√“ø¡“μ√∞“π‰¥âº≈¥—ßμ“√“ß∑’Ë 2
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4 0 2.42 -
2.25 4.88 109
4.45 7.09 105
5 0 3.48 -
2.12 5.90 114
4.19 7.68 100
8 0 2.73 -
2.07 4.92 106
4.40 7.00 97
9 0 7.10 -
4.07 10.50 83
9.01 16.56 105
11 0 0.83 -
2.14 2.97 100
4.29 5.00 97
‡¡◊ËÕπ”¢âÕ¡Ÿ≈ª√Õ∑∑’Ëæ∫ ‰ª§”π«≥À“§à“√âÕ¬≈–°“√‰¥â°≈—∫§◊π ®–‰¥â§à“Õ¬Ÿà√–À«à“ß 83-114%  ´ ÷Ëß
§à“√âÕ¬≈–°“√‰¥â°≈—∫§◊π∑’Ë¬Õ¡√—∫‰¥âμ“¡‡°≥±å AOAC [11] §◊Õ§à“√–À«à“ß 60-115%  ”À√—∫ “√ π„®∑’Ë




3 ‡∑à“¢Õß —≠≠“≥√∫°«π (3S/N) ª√“°Ø«à“‰¥â§à“ LOD ‡∑à“°—∫ 0.02 ng ÷´Ëß‡¡◊ËÕ§”π«≥μàÕπÈ”Àπ—°¢â“«
200 mg ®–‰¥â§à“ LOD ‡∑à“°—∫ 0.1 μg kg-1 ´÷Ëß¡’§à“μË”°«à“‡∑§π‘§·°√å‰øμå‡øÕ√å‡π´ (0.6 μg kg-1)
·μà Ÿß°«à“‡∑§π‘§‚§≈‡«‡ªÕ√åÕ–μÕ¡¡‘°ø≈ŸÕÕ‡√ ‡´π ‡ª°‚μ√‡¡∑√’ (0.009 μg kg-1) ·≈–Õ‘π¥—°∑’ø≈’
§—ª‡ªî≈æ≈“ ¡“·¡  ‡ª°‚μ√‚ø‚μ‡¡∑√’ (0.016 μg kg-1) [12] ·μà§à“ LOD ∑’Ë‰¥âπ’È‡æ’¬ßæÕμàÕ°“√
«‘‡§√“–Àåª√Õ∑„π¢â“«À√◊ÕÕ“À“√∑—Ë«‰ª ´÷Ëß¡’‡°≥±å√–¥—∫§«“¡ª≈Õ¥¿—¬Õ¬Ÿà∑’Ë 20 μg kg-1 μ“¡ª√–°“»
°√–∑√«ß “∏“√≥ ÿ¢ ©∫—∫∑’Ë 98 ‡√◊ËÕß ¡“μ√∞“πÕ“À“√∑’Ë¡’ “√ªπ‡ªóôÕπ ´÷Ëß°”Àπ¥„Àâ¡’°“√ªπ‡ªóôÕπª√Õ∑
∑—ÈßÀ¡¥„πÕ“À“√∑–‡≈‰¥â‰¡à‡°‘π 0.5 ¡‘≈≈‘°√—¡μàÕÕ“À“√ 1 °‘‚≈°√—¡ ·≈–‰¡à‡°‘π 0.02 ¡‘≈≈‘°√—¡μàÕÕ“À“√
1 °‘‚≈°√—¡  Ì“À√—∫Õ“À“√Õ◊Ëπ
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4.4 §«“¡‡∑’Ë¬ß
°“√»÷°…“§«“¡‡∑’Ë¬ß¢Õß«‘∏’„π‡∑Õ¡ repeatability ∑”‚¥¬™—Ëßμ—«Õ¬à“ß¢â“« 10 μ—«Õ¬à“ß∑’Ë¡’ª√‘¡“≥
ª√Õ∑ 2 ™ÿ¥ §◊Õ™ÿ¥∑’Ë¡’§«“¡‡¢â¡¢âπμË” (™ÿ¥∑’Ë 1) ·≈– ™ÿ¥∑’Ë¡’§«“¡‡¢â¡¢âπ Ÿß (™ÿ¥∑’Ë 2) ·μà≈–™ÿ¥™—Ëß·≈–«—¥
μ—«Õ¬à“ß≈– 3 ´È” π”‡¢â“‡§√◊ËÕß MA-3000 ‡æ◊ËÕ«‘‡§√“–Àåª√Õ∑ ‡¡◊ËÕ‰¥â§à“°“√¥Ÿ¥°≈◊π· ßπ”‰ª§”π«≥
πÈ”Àπ—°ª√Õ∑®“°°√“ø¡“μ√∞“π‰¥â§à“¥—ßμ“√“ß∑’Ë 3
μ“√“ß∑’Ë 3  ª√‘¡“≥ª√Õ∑„πμ—«Õ¬à“ß¢â“«‡æ◊ËÕ»÷°…“§«“¡‡∑’Ë¬ß¢Õß«‘∏’
μ—«Õ¬à“ß ª√‘¡“≥ª√Õ∑™ÿ¥∑’Ë 1 (μg kg-1) μ—«Õ¬à“ß ª√‘¡“≥ª√Õ∑™ÿ¥∑’Ë 2 (μg kg-1)
∑’Ë §√—Èß 1 §√—Èß 2 §√—Èß 3 ∑’Ë §√—Èß 1 §√—Èß 2 §√—Èß 3
16 1.05 1.15 1.26 1 7.24 7.20 7.98
23 1.03 0.97 0.92 2 9.04 8.73 8.89
24 0.72 0.78 0.84 7 9.02 8.75 9.30
44 0.98 1.14 1.01 9 7.17 7.44 7.72
46 0.81 0.97 0.81 43 8.15 8.04 8.39
‡¡◊ËÕπ”¢âÕ¡Ÿ≈¡“«‘‡§√“–Àå ∂‘μ‘ Single ANOVA ¢Õßμ—«Õ¬à“ß™ÿ¥∑’Ë 1 æ∫«à“ Fcal > Fcrit ¥—ß„π
μ“√“ß∑’Ë 4 · ¥ß«à“§«“¡·ª√ª√«π√–À«à“ß°≈ÿà¡¡“°°«à“§«“¡·ª√ª√«π„π°≈ÿà¡ §à“ repeatability (sr)
®÷ß§”π«≥‰¥â®“° §à“√“°∑’Ë Õß¢Õß mean square (MS) within groups [13] ´÷Ëß ¡’§à“‡∑à“°—∫ 0.0069
¥—ßπ—Èπ sr ®÷ß‡∑à“°—∫ 0.0831 À√◊Õ 8.7%RSD ∑’Ëª√‘¡“≥ª√Õ∑ 0.96 μg kg-1  à«πμ—«Õ¬à“ß™ÿ¥∑’Ë 2 æ∫«à“
Fcal >Fcrit ‡™àπ°—π §à“ sr ®÷ß§”π«≥‰¥â®“°§à“√“°∑’Ë Õß¢Õß 0.081 ®–‰¥â sr ‡∑à“°—∫ 0.28 À√◊Õ 3.4%RSD
∑’Ëª√‘¡“≥ª√Õ∑ 8.2 μg kg-1 ®–‡ÀÁπ«à“§à“§«“¡§≈“¥‡§≈◊ËÕπ —¡æ—∑∏å∑’Ë‰¥âμË”°«à“§à“∑’Ë¬Õ¡√—∫‰¥âμ“¡‡°≥±å
AOAC [11] §◊Õ 15%RSD  ”À√—∫™à«ß§«“¡‡¢â¡¢âπ 8-100 μg kg-1
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μ“√“ß∑’Ë 4  §à“∑“ß ∂‘μ‘ Single ANOVA ¢Õßμ—«Õ¬à“ß™ÿ¥∑’Ë 1 ·≈–μ—«Õ¬à“ß™ÿ¥∑’Ë 2
μ—«Õ¬à“ß™ÿ¥∑’Ë 1
Source of Variation SS df MS Fcal P-value Fcrit
Between Groups 0.26 4 0.0654 9.39 0.00 3.48
Within Groups 0.07 10 0.0069
Total 0.33 14
μ—«Õ¬à“ß™ÿ¥∑’Ë 2
Source of Variation SS df MS Fcal P-value Fcrit
Between Groups 6.75 4 1.69 20.94 0.00 3.48
Within Groups 0.81 10 0.081
Total 7.56 14
5. ª√‘¡“≥ª√Õ∑„πμ—«Õ¬à“ß¢â“«‡®â“
ª√‘¡“≥¢Õßª√Õ∑∑’Ëμ√«®æ∫„π¢â“«®”π«π∑—ÈßÀ¡¥ 56 μ—«Õ¬à“ß ®“° 5 ¿Ÿ¡‘¿“§¢Õßª√–‡∑»‰∑¬
· ¥ß¥—ß√Ÿª∑’Ë 4 ‚¥¬ª√‘¡“≥ª√Õ∑∑’Ëμ√«®æ∫¡’§à“‡©≈’Ë¬ ‡∑à“°—∫ 2.9 ± 0.8 μg kg-1 ¢â“«‡®â“μ—«Õ¬à“ß®“°
®—ßÀ«—¥ ÿ√‘π∑√å¡’ª√‘¡“≥ª√Õ∑μË” ÿ¥‡∑à“°—∫ 0.51 ± 0.03 μg kg-1 ¢â“«‡®â“μ—«Õ¬à“ß®“°®—ßÀ«—¥Õÿ¥√∏“π’¡’
ª√‘¡“≥ª√Õ∑ Ÿß ÿ¥‡∑à“°—∫ 9.2 ± 0.6 μg kg-1 ´÷ËßμË”°«à“‡°≥±å√–¥—∫ª√Õ∑ Ÿß ÿ¥∑’ËÕπÿ≠“μ„Àâ¡’‰¥â„πÕ“À“√
∑—Ë«‰ª§◊Õ 20 μg kg-1 μ“¡ª√–°“»°√–∑√«ß “∏“√≥ ÿ¢ ©∫—∫∑’Ë 98 (æ.». 2529) ‡√◊ËÕß¡“μ√∞“πÕ“À“√∑’Ë¡’
 “√ªπ‡ªóôÕπ ´÷Ëß®“°∫∑§«“¡ª√‘∑—»πå [14] √–∫ÿ«à“¡’ß“π«‘®—¬∑’Ë∑”°“√μ√«®«—¥ª√‘¡“≥ª√Õ∑„πμ—«Õ¬à“ß
¢â“«‡®â“∑’Ëª≈Ÿ°„πª√–‡∑»‰∑¬„π™à«ß√–À«à“ßªï æ.». 2544-2553 æ∫ª√‘¡“≥ª√Õ∑Õ¬Ÿà∑’Ë 1.8-4.8 μg kg-1
·≈–¡’°“√μ√«®æ∫ª√Õ∑„πμ—«Õ¬à“ß¢â“«®“°®—ßÀ«—¥æ‘®‘μ√ Ÿß∂÷ß 212 μg kg-1 Õ—π‡π◊ËÕß¡“®“°∫√‘‡«≥π—Èπ¡’
°“√∑”‡À¡◊Õß∑Õß ®÷ß∑”„Àâæ∫ª√‘¡“≥ª√Õ∑ Ÿß¡“° ®÷ß‡ÀÁπ‰¥â«à“À“°∫√‘‡«≥π—Èπ¡’°“√∑”‡À¡◊Õß·√àÀ√◊ÕÕÿμ “À°√√¡
μà“ßÊ ¡“° ‚Õ°“ ∑’Ë®–æ∫ª√Õ∑°Á¡“°¢÷Èπ‡™àπ°—π
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√Ÿª∑’Ë 4 ª√‘¡“≥ª√Õ∑„πμ—«Õ¬à“ß¢â“«‡®â“ (n=3)
 √ÿªº≈°“√∑¥≈Õß
‡∑§π‘§«‘‡§√“–Àåª√Õ∑‚¥¬μ√ß¥â«¬°“√ ≈“¬μ—«¥â«¬§«“¡√âÕπ ®—¥‡ªìπ‡∑§π‘§°“√«‘‡§√“–Àå∑’Ë¡’
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